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A R E A  C O D E  6 1 4 .  T E L E P H O N E  2 9 9 - 3 1 9 1  

October 13, 1964 

J e t  Propuls ion Laboratory 
4800 Oak Grove Drive 
Pasadena, C a l i f o r n i a  

At t en t ion  Mr. J. Michael Whalen 
Cont rac t  Negot ia tor  

Gel; tiemen: 

This  i s  t h e  Seventh Quar t e r ly  Progress  Report  and t h e  Twsnty- 
second Monthly P rogres s  Report  on Cont rac t  ho. 95045b ( F i l e  2998) 
e n t i t l e d  "A Study of t h e  t i e l i a b i l i t y  of E l e c t r o n i c  Components i n  a 
Nuclear-Radiation Environment". 
September 30, 1964. 

The pe r iod  covered i s  from J u l y  1 t o  

Progress  dur ing  this r e p o r t  per iod  has included t h e  completion 
of p o s t i r r a d i a t i o n  and/or preopera t iona l  l i f e  t e s t  measurements a t  room 
ambient and t e s t  temperature  on the p a r t s  i n  t h e  100' C, h i g h - f l u  
capsule  (Tes t  Group IV) and i n i t i a l  o r  p r e i r r a d i a t i o n  measurements on t h e  
component p a r t s  i n  T e s t  Groups I, 11, 111, and V. I n  add i t ion ,  14.4 hours  
of r a d i a t i o n  exposure was completed on t h e  e l e c t r o n i c  p a r t s  i n  t h e  two 
10,000-hour, low-flux capsules  (Test  Groups I11 and IV) wi th  a s i m i l a r  
per iod  of ope ra t iona l  life on the o the r  t h r e e  t e s t  groups. 

Very t r u l y  yours, 

Dohald J. Haman 
E l e c t r o n i c  Mate r i a l s  and Devices Group 
Engineering Phys ics  Department 

DJH:mk 
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A STL’DY OF TdE RELIABILITY OF 
E L E C T i l a I C  COhPONENTS I N  A NUCLEM- 

RADIATION ENVIRONivENT 

I;. Lo Hanks and D. J. Hamman 

INTRODUCTION 

This  i s  t h e  Seventh Quar t e r ly  Report  and t h e  Twenty-second Monthly 

?regress Report  on Cont rac t  No. 950458 ( F i l e  2998) e n t i t l e d  

the R e l i a b i l i t y  of E l e c t r o n i c  Components i n  a Nuclear-Radiation Environ- 

sen t t1 .  

September 30, 1964, wnicrl Lias included the completion of t he  i n i t i a l  o r  

0-hour measurements of t h e  e l e c t r o n i c  p a r t s  i n  Test Groups I, 11, 111, 

and V a t  room ambient and t e s t  temperature. The p o s t i r r a d i a t i o n  measure- 

ments ( p r i o r  t o  10,000 hours  of ope ra t iona l  l i f e )  of t h e  e l e c t r o n i c  p a r t s  

i n  Test Group I V  were a l s o  completed a t  room ambient and t e s t  temperature  

Study of 

This  r e p o r t  summarizes the p r o j e c t  a c t i v i t y  from J u l y  1 t o  

I 

dur ing  t h i s  period. 

Progress  during t h i s  r e p o r t  i n t e r v a l  has  included t h e  fol lowing 

p r o j e c t  ac t iv i t ies :  

1. Completion of i n i t i a l  or 0-hour measurements a t  room 

ambient and tes t  temperature on component p a r t s  i n  Test 

Groups I, 11, 111, and V. 
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2. Completion of p u s u r r a a i a t i o n  and/or O-hour measurenents 

f o r  p o s t i r r a d i a t i c h  l i f e  tes t  a t  room ambient and 100' C 

on component p a r t s  i n  T e s t  Group I V .  

I n s t a l l a t i o n  of t h e  F a i r c h i l d  Semiconductor ( Ins t rumenta t ion) ,  

iriodel 50, D i g i t a l  Readout hFE Tester a t  t h e  B a t t e l l e  

Research Reactor f a c i l i t y .  

Completion of 144. hours of i r r a d i a t i o n  exposure on t h e  

component p a r t s  i n  the 10,000-hour r a d i a t i o n  capsules ,  

Test Groups I11 and V. 

3. 

4. 

TECHNICAL DETAILS 

P r o j e c t  e f f o r t  dur ing  t h i s  r e p o r t  i n t e r i m  was d i r e c t e d  toward 

t h e  completion of t h e  i n i t i a l  or +hour measurernents of t h e  t e s t  specimens 

i n  t h e  two 10,000-hourY low-flux, r a d i a t i o n  capsules  ( T e s t  Groups I11 

and V) and t h e  two con t ro l  t es t  environments (Tes t  Groups I and 11) a t  

room ambient and tes t  temperature. 

p a r t s  i n  t h e  100-hour, h i g h - f l u  capsule  (Tes t  Group IV) a t  room ambient 

and t e s t  temperature were a l s o  a p a r t  of t h i s  e f f o r t .  

i o n  gages t h a t  monitor t he  system p res su re  a t  a p o i n t  approximately 

14 f e e t  above the  t e s t  sec t ions ,  o r  capsules ,  were rep laced  wi th  cold 

cathode ion  gages. 

P o s t i r r a d i a t i o n  measurements of t h e  

I n  addi t ion ,  the  

Th i s  s e c t i o n  p resen t s  var ious  d e t a i l s  concerning t h e s e  a c t i v i t i e s  

and t h e  progress  t h a t  has  been made. 
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Instrument a t  ion  

The F a i r c h i l d  Seniconductor ( Instrumen-at ion)  , Model 50, Dig t a l  

Readout hFE Tes t e r  t h a t  was obtained during t h e  preceding r e p o r t  i n t e r v a l  

was i n s t a l l e d  a t  t h e  B a t t e l l e  Research Reactor  f a c i l i t y  dur ing  t h i s  i n t e r v a l .  

However, t he  opera t ion  of t h i s  equiprrient i s  l i m i t e d  t o  a manual e n t r y  

procedure, as opposed t o  automatic d a t a  en t ry ,  a t  t h i s  time. The manual 

procedure inc ludes  a p p l i c a t i o n  of t he  automatic data-recording system f o r  

t h e  s e l e c t i o n  of specimens and t o  provide t h e  i d e n t i f y i n g  information t h a t  

is requi red  on t h e  d a t a  card. 

The r e l a y  b u f f e r  u n i t  t h a t  i s  r equ i r ed  f o r  automatic  d a t a  e n t r y  

froin t h e  d i g i t a l  ou tput  of t h e  hFk t e s t e r  was completed, b u t  i t s  incorpora-  

t i o n  i n t o  t h e  data-recording system was delayed due t o  t h e  l a c k  of a 

connector assembly t o  f i t  t h e  output  of t he  t e s t e r .  

obtained from F a i r c h i l d  Semiconductor ( Ins t rumenta t ion)  and w i l l  be i n s t a l l e d  

on t h e  inpu t  wi res  t o  t h e  r e l a y  buffer u n i t  a t  t h e  ea r l i e s t  opportuni ty .  

The assembly has  been 

Measurement S t a t u s  of  Tes t  Groups I ,  11, 111, and V 

I n i t i a l  o r  O-hour measurements a t  room ambient and t e s t  temperature  

have been completed on Test Groups I, 11, 111, and V i nc lud ing  pulsed d-c 

c u r r e n t  gain, hFE, with t h e  Fa i r ch i ld  ikilodel 50 tester. 

of hFE previous ly  performed a t  room ambient wi th  t h e  Ba t t e l l e - cons t ruc t ed  

in s t rumen ta t ion  were repea ted  w i t h  t h e  F a i r c h i l d  system f o r  b e t t e r  

c o r r e l a t i o n  with measurements t h a t  will be performed a t  s e l e c t e d  i n t e r v a l s  

throughout  t h e  t e s t  program. 

The measurements 
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Measurement S t a t u s  of Tes t  Group I V  

P o s t i r r a d i a t i o n  and/or preopera t iona l  l i f e  t e s t  measurements a t  

room ambient and t e s t  temperature  were a l s o  completed on the  e l e c t r o n i c  

p a r t s  i n  Test droup IV.  

t o  100 hours of nuc lear  r a d i a t i o n  a t  a r a t e  whereby they  rece ived  t h e  same 

These e l e c t r o n i c  p a r t s  were p rev ious ly  subjec ted  

t o t a l  exposure t h a t  T e s t  Groups I11 and V a r e  expected t o  r e c e i v e  i n  

10,000 hours. 

were repea ted  on t h e  t r a n s i s t o r s  i n  Tes t  Group I V  f o r  t h e  s m e  reason a s  

mentioned above f o r  t h e  o t h e r  four  t e s t  groups, b e t t e r  c o r r e l a t i o n  o r  

co:nparison wi th  s i m i l a r  measurements t h a t  w i l l  be performed a t  s p e c i f i e d  

i n t e r v a l s  during the  remainder of t h e  t e s t  program, 

The pulsed d-c cu r ren t  ga in  measurements a t  room ambient 

kesults 

The e l e c t r o n i c  p a r t s  i n  Test Groups I11 and V completed l& hours 

of ope ra t iona l  l i f e  i n  the  r a d i a t i o n  f i e l d  dur ing  t h i s  r e p o r t  i n t e r v a l .  

The p a r t s  i n  Test Groups I, 11, and I V  underwent a similar pe r iod  of 

o p e r a t i o n a l  l i f e  o u t s i d e  t h e  r a d i a t i o n  f i e l d .  

T e s t  Group IV, t h i s  was i n  addi t ion  t o  t h e  100-hour ope ra t iona l  l i f e ,  

high-f lux,  r a d i a t i o n  exposure t o  which they  were subjec ted  e a r l i e r .  

Observat ions o r  results during t h i s  per iod  included d i f f i c u l t i e s  i n  

e s t a b l i s h i n g  t h e  s p e c i f i e d  opera t ing  condi t ions  f o r  s e v e r a l  t r a n s i s t o r  

For t h e  component p a r t s . i n  

types  and t h e  c a t a s t r o p h i c  f a i l u r e  of 24 t r a n s i s t o r s  

Three t r a n s i s t o r  types show a l a r g e  number 

i n a b i l i t y  t o  be s t a b i l i z e d  a t  t h e  c o l l e c t o r  c u r r e n t s  

and one capac i tor .  

of u n i t s  e x h i b i t i n g  

s p e c i f i e d  f o r  t h e i r  

an 
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ope ra t ion  i n  t h i s  program, i.e., the adjustment a v a i l a b l e  i n  the  emi t t e r -  

base c i r c u i t  appears t o  be inadequate t o  ob ta in  t h e  r equ i r ed  c o l l e c t o r  

output.  I n i t i a l l y ,  when power was f i r s t  appl ied  t o  these  t r a n s i s t o r s ,  

they  were ope ra t ing  a t  t h e  requi red  power d i s s i p a t i o n ;  but,  a s  they  

experienced a t eape rd tu re  r i s e  due t o  t h e i r  i n t e r n a l  d i s s i p a t i o n ,  they  

g radua l ly  d r i f t e d  beyond t h e  cont ro l  l i m i t s  of t he  c i r c u i t .  Therefore ,  

by t h e  na tu re  of t h e  t r a n s i s t o r  loading c i r c u i t  design, a s  descr ibed  i n  

t h e  f i r s t  q u a r t e r l y  r e p o r t ,  t hese  t r a n s i s t o r s  a r e  a c t u a l l y  ope ra t ing  below 

t h e  s p e c i f i e d  s t r e s s .  

problem t o  a g r e a t e r  degree than tne o t h e r s  a r e  the  Ai2247, 2N1050, and 

a914 with  72, 51, and 28 u n i t s  beyond t h e  con t ro l  adjustments  of the  load 

c i r c u i t s ,  r e s p r c t i v e l y .  The s ix  remaifiing t r a n s i s t o r  types  have been one 

and t e n  specinens t h a t  a r e  exh ib i t i ng  t h i s  sane problem. 

The t r a n s i s t o r  t ypes  t h a t  a re  exper ienc ing  t h i s  

Twenty-two of t h e  twenty-eight 2W14 t r a n s i s t o r s  t h a t  a r e  beyond 

t h e  con t ro l  l i m i t s  of t h e  loading c i r c u i t s  t tshortedtt  w i th in  24. hours  a f t e r  

t h e  t e s t  was s t a r t e d  ( s e e  Table  1). 

sho r t ed  a t  48 hours a l s o  were beyond t h e  con t ro l  limits of t h e i r  loading 

The two 2JG930 t r a n s i s t o r s  t h a t  

c i r c u i t s .  

One a d d i t i o n a l  component p a r t  type experienced a knom c a t a s t r o p h i c  

f a i l u r e  s i n c e  t h e  s t a r t  of t he  i r r a d i a t i o n  and ope ra t iona l  l i f e  of con t ro l  

t e s t s .  

No. €7) opera t ing  i n  t h e  10,000-hour, low-flux, 50' C r a d i a t i o n  capsule  

(Tes t  Group V )  which was l tshortedtl  a f t e r  144 hours of exposure t o  t h e s e  

t e s t  condi t ions.  

This  s i n g l e  f a i l u r e  was an Xerovox P322ZN Capaci tor  (Specimen 
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TABLE 1. IDENTIFICATION GF CATASTEIOPHIC FAILURES 

Type of Manufacturer 's  T e s t  Specimen Hours a t  
Component P a r t  Number Group Number F a i l u r e  Remarks 

T r a n s i s t o r  
T rans i s  t o r  
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  
Trans i s  t o r  
Trans i s  t o r  
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  

I 
I 

I1 
I1 

I11 
I I1 
I11 
I11 
I11 
111 
I11 
I11 
I11 

I V  
I V  
I V  
v 
V 
v 
V 
V 
v 

20 
22 
47 
48 
00 
03 
06 
08 
10 
12 
14 
16 
19 
60 
64 ' 
69 
80 
E2 
84 
30 
92 
95 

Shorted 
Shorted 
Shorted 
Shorted 
Shorted 
Shorted 
Shorted 
Shorted 
Shor ted  
Shorted 
Shorted 
Shorted 
Shorted 
Shorted 
Shorted 
Shorted 
Shorted 
Shor ted  
Shorted 
Shor ted  
Shorted 
Shorted 

T r a n s i s t o r  
T r a n s i s t o r  

Capac i tor  

2N930 
24930 

P323ZN 

I1 
I1 

v 

40 
43 

87 14.4 

Shor ted  
Shorted 

Shorted 
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FUTURE PLXES 

The r a d i a t i o n  exposure and ope ra t iona l  l i f e  tes ts  w i l l  cont inue  

Th i s  w i l l  inc lude  the  completion of throughout t h e  next  r e p o r t  i n t e rva l .  

almost 2000 hours of i r r a d i a t i o n  with parameter measurements of t h e  va r ious  

component p a r t s  a t  t h e  250-, 500-, and 1000-hour i n t e r v a l s .  The 2000-hour 

measurement i n t e r v a l  i s  expected t o  occur a t  t he  end of t h e  next  r e p o r t  

period. Work w i l l  a l s o  be i n i t i a t e d  on t h e  a d d i t i o n a l  t a s k s  t h a t  have 

been proposed as soon a s  au tho r i za t ion  i s  obtained from t h e  J e t  

Propuls ion  Laboratory. 


